Distribution and features of melanocytes during inner ear development in pigmented and albino rats by Peters, T.A. et al.
PDF hosted at the Radboud Repository of the Radboud University
Nijmegen
 
 
 
 
The following full text is a publisher's version.
 
 
For additional information about this publication click this link.
http://hdl.handle.net/2066/21825
 
 
 
Please be advised that this information was generated on 2017-12-05 and may be subject to
change.
ELSEVIER Hearing Research 85 (1995) 169-180
Distribution and features of melanocytes during inner ear development 
in pigmented and albino rats
Theo A. Peters a, Wim Kuijpers a’*, Edith L.G.M. Tonnaer a, Goos N.P. van Muijen b,
Paul H.K. Jap c
d Department o f  Otorhinolaryngology, University o f  Nijmegen, Ph. van Leydenlaan 15, 6500 HB Nijmegen, Netherlands
b Departmen t o f  Pa th ology, Un iversity o f  Nijmegei t, Nijmegen, The Net her lan ds 
c Department o f  Cell Biology and Histology, University o f  Nijmegen, Nijmegen, The Netherlands
Received 18 August 1994; revised 13 February 1995; accepted 21 February 1995
Abstract
In this developmental study, the distribution and features of melanocytes in the inner ear of pigmented and albino rats was 
investigated with the use of an antibody, which specifically reacts with a melanocyte differentiation antigen present in the 
membranes of (pre)melanosomes. Melanocyte precursors could be traced from 13 days post conception onwards and the course 
was followed to their targets in the inner ear. Melanocytes which settle in the modiolus appeared to reach their target along 
another pathway than striai and vestibular melanocytes. No difference was observed in the melanocyte distribution between 
pigmented and albino rats. The integration of melanocytes into the stria vascularis was associated with an increased rate of 
melanosome production in both strains, but in the albinos far fewer melanosomes were produced. After the stria had reached 
maturity, melanosome production was arrested and melanosomes were subject to lysosomal digestion. In the stria of the 
pigmented rats, cells with aggregations of disintegrating melanosomes appeared and persisted into adulthood. In the adult, the 
majority of the intermediate cells contained only a few scattered melanosomes, while melanosomes could only rarely be detected 
in the albinos.
These observations indicate that there is a close relationship between melanosome production and the process of interdigita­
tion of melanocytes with the marginal cells. It seems unlikely that melanosomes or melanin make any important contribution to 
the function of the adult stria vascularis. Outside the stria, the features of melanocytes in both strains were similar to skin 
melanocytes.
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1. Introduction
The presence of pigmented cells has been dem on­
strated in both the vestibular and cochlear partitions of 
the inner ear in various mammalian species. Although 
their distribution can vary between different species or 
individuals of the same species, they are found consis­
tently in definite areas.
In the vestibular partition, pigmented cells are 
chiefly present in the utricle, ampullae and parts of the 
semicircular canals. There is a close correlation b e ­
tween the distribution of pigmented cells and dark cells
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and they are separated from the dark cells by a basal 
lamina (Kimura, 1969; LaFerriere  et al., 1974).
In the cochlea, pigmented cells are found near the 
vascular plexus of the modiolus (Wolff, 1931; Franz et 
al., 1990) and in the stria vascularis (Savin, 1965; Hild- 
ing and Ginzberg, 1977; W right and Lee, 1989; Conlee 
et al., 1989; Cable and Steel, 1991). In the latter 
structure, they represent the so-called interm ediate 
cells. Hilding and Ginzberg (1977) dem onstrated that 
the pigmented cells in the stria vascularis were true 
melanocytes and not melanin host cells which acquire 
melanosomes from melanocytes. Melanocytes are char­
acterised by different stages of melanosome formation 
(stages 1 -4) and the  presence of tyrosinase, which 
catalyses the conversion of tyrosine to melanin (Fitz­
patrick et al., 1979).
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During development of the inner ear of the rat,
)
Hilding and Ginzberg (1977) observed an accumulation 
of melanosomes containing cells beneath  the basal 
lamina of the marginal cells shortly before birth. They 
suggested that these cells were melanocytes originating 
from the neural crest, which could m igrate along blood 
vessels to the stria vascularis. However, in a recent 
study in the mouse, Steel et al. (1992) observed the 
migration of melanocyte precursors from the  mes­
enchyme around the developing inner ear to the devel­
oping stria vascularis between 13 and 16 dpc. Convinc­
ing evidence has been given by Schrott and Spoendlin 
(1987) and Steel et ah (1987) tha t in term ediate cells 
originate from the neural crest. In the deaf viable 
dominant spotting mouse m utant (W v/ W v), which is 
known to have a primary neural crest defect, they 
observed a partial or total absence of intermediate 
cells. This mutation resulted in deficiencies in the 
production of melanocytes, germ cells and haem atopoi­
etic cells (Russell, 1979). Also vestibular melanocytes 
were usually absent or defective in this mouse mutant 
(Deol, 1970; Cable et aL, 1992). In the  W V/ \ V V mouse, 
the marginal cells did not develop normally and their 
function was seriously disturbed (Steel and Barkway, 
1989; Schrott et al., 1990).
It is still a m atter of debate w hether melanin synthe­
sis in the interm ediate cells is of significance regarding 
strial function. Melanin is a free-radical scavenger and 
can act as a cation exchanger (W itkop et al., 1989). The 
latter property explains its ability to bind with ototoxic 
drugs and the difference betw een the  effects of these 
drugs on the inner ear of pigm ented and albino ani­
mals (Lyttkens et al., 1979; Comis and Leng, 1980; 
Conlee et al., 1991). Based on the observation that 
there is no difference in hearing thresholds between 
albino and pigmented animals, Cable et al. (1992) 
assumed that melanin form ation did not affect the 
structure and function of the adult stria vascularis. 
However, Conlee and B ennett (1993) and Conlee et al. 
(1994) suggested that the absence of melanin was the 
underlying cause for the differences in cell volume of 
the marginal and in term ediate cells, which was re­
flected in the difference in size of the  endocochlear 
potential between pigm ented and albino animals.
Albino animals have a similar distribution of skin 
melanocytes as pigm ented animals. They contain only 
stages 1 -2  melanosomes and are unable to synthesise 
melanised melanosomes (stages 3 -4 )  because they lack 
the enzyme tyrosinase (W itkop et al., 1989). Hardly any 
investigations have been perform ed on  melanocytes in 
the albino inner ear. Hilding and Ginzberg (1977) 
dem onstrated organelles in the interm ediate cells of 
albino rats, which were very similar to the melanosomes 
observed in the skin. However, Cable and Steel (1991) 
did not find such organelles in the stria vascularis of 
the adult albino mouse, while L aFerriere  et al. (1974)
failed to detect these cells in the vestibular portion of 
the albino guinea pig.
In the present study, a melanocyte antibody was 
used to investigate the features of inner ear 
melanocytes during development in pigmented and al­
bino rats. This antibody specifically reacts with a mem­
b ra n e  co m p o n en t which is only p re se n t in 
(pre)melanosomes. It therefore offers the opportunity 
to examine melanocytes irrespective of the presence 
and synthesis of melanin pigment in pigmented and 
albino animals.
To trace the process of integration of melanocytes 
into the stria vascularis, an antibody directed against 
collagen IV, which is a major component of the basal 
lamina, was included.
2. Materials and methods
In this study pigmented (Brown Norway) and albino 
(Wistar) rats were used throughout the developmental 
period from 10 days post conception (dpc) up to 30 
days after birth (dab). The day of the vaginal plug was 
considered as day 1. The gestational period of the rat is 
about 21 days.
2.L Immunohistochemistiy
For immunohistochemistry at least 4 animals from 
each strain at each age were examined. All embryos 
were decapitated and the head was immediately frozen 
in liquid nitrogen. Newborn and older animals were 
decapitated and the inner ear was dissected from the 
skull and then frozen. Immediately after dissection, the 
specimens from rats aged 4 days and older were stored 
in a décalcification solution containing 10% EDTA 
and 7.5% polyvinylpyrrolidone (PVP) in Tris-HCl buffer 
(pH 7.4) (Tonnaer et al., 1990) for a period ranging 
from 1 h to 24 h owing to progressive calcification of 
the otic capsule. This procedure did not affect im- 
munohistochemical staining with the antibodies. After 
rinsing in the same solution but without ED TA  for 1 h 
at 4°C> the specimens were frozen in liquid nitrogen. 
Cryostat sections (7 /xm) placed on poly-L-lysine coated 
slides were dried for 30 min in a cold air stream and 
stored at -7 0 °  C until required. Cryostat sections were 
fixed in cold acetone for 10 min. Immunostaining was 
performed according to the indirect immunoperoxidase 
technique as previously described (Tonnaer et a l ,
1990). To demonstrate melanoblasts and melanocytes 
the monoclonal antibody N K I/b e teb  (Vennegoor et 
a l ,  1988) (Sanbio, Uden, the Netherlands) was used. 
This antibody was diluted 1:50 in phosphate buffered 
saline (PBS). The antigens recognised by the antibody 
are glycoproteins of 100 and 7 kD, which are localised 
at the inner side of (pre)melanosomal vesicles (Adema
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et at., 1993). In order to discriminate between im- 
munoperoxidase-stained structures and melanin pig­
ment granules, immunostained sections were rinsed in 
ethanol 70%. This procedure removed the reaction 
product of the peroxidase reaction, but left the melanin 
pigment granules intact. A  monoclonal antibody M3F7 
(DSHB, Baltimore, USA) was used for staining the 
basal lamina. This antibody recognizes a single unique 
determinant on the collagen IV molecule (Foellmer et 
al., 1983). The sections were counterstained with 
Mayer’s hemalum and mounted in glycerin-jelly. Con­
trol sections were incubated in non-immune serum.
2.2. Electron microscopy
Electron microscopy studies of the integration of 
melanoblasts into the stria vascularis were performed 
on animals ranging in age from 18 dpc to 30 dab. The 
cochleas of 3 animals from each strain at each age 
were examined. The animals were killed by decapita­
tion. The lateral wall of the cochlea was dissected and 
fixed in phosphate buffered (0.1 M; pH 7.4) glutaralde- 
hyde (2.5%). Décalcification was performed in a solu­
tion containing 10% E D T A  and 1.25% glutaraldehyde 
(pH 7.4) at 4°C, followed by rinsing in 0.1 M phos­
phate buffer (pH 7.4). The specimens were then post­
fixed in osmium tetroxide (1%) in a 0.1 M phosphate 
buffer (pH 7.4), dehydrated in ethanol and embedded 
in Epon. Ultrathin sections of the second turn were 
stained with 2% uranylacetate and lead citrate (0.1%) 
and examined with a Philips EM 301 electron micro­
scope.
The care and use of the animals reported  on in this 
study were approved by th e  Animal C are and Use 
Committee of the N ijm egen University.
3. Results
3.1. 10-13 dpc
The presence o f  cells which reacted with the 
N K I/b e teb  antibody was first observed in the pig­
mented rats at 13 dpc. A t this age a few weakly 
staining cells were present in the  mesenchyme betw een 
the otic vesicle and the  epidermis.
3.2. 15 dpc
A t 15 dpc, when the  otic vesicle had developed into 
a vestibular portion with outgrowing semicircular canals 
and a cochlear duct, a larger num ber of cells stained 
with the N K I/b e teb  antibody in the pigm ented strain, 
while they could only be detected  occasionally in the 
albino animals. M any stained cells w ere scattered 
throughout the  mesenchyme between the developing 
inner ear and the epiderm is (Fig. la). A  m inor num ber 
was found in the vicinity of the  epithelium of the  
proximal part of the cochlear duct and the epithelium  
of the lateral wall of the com m on crus and the utricle 
(Fig. lb, c). Positive cells were also observed in the 
area of the developing m eninges and occasionally a 
positive cell was observed in the epidermis.
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Fig, 1. Immunohistochemical staining of mesenchyme lateral from the inner ear of pigmented rat with the antibody N K I/b e teb , at 15 dpc. (a): 
Scattered melanoblasts (* )  in mesenchyme between inner ear and epidermis. D: cochlear duct, (b): Detail o f  proximal part of cochlear duct (D) 
surrounded by melanoblasts (*). (c): Detail of utricle (U) and common crus (C) showing melanoblasts (* ) close to the epithelial lining, a: X 150; 
b X350; c X400.
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3.3. 16 dpc
A t 16 dpc all com partm ents of the inner ear could 
be clearly distinguished. Accum ulations of cells stained 
with the N K I/b e te b  antibody were observed close to 
the non-sensory epithelium  of the utricle, the lateral 
wall of the crus commune (Fig. 2a, b) around the 
ampullae and at locations anterior and lateral from the 
hook region and the basal turn of the cochlea (Fig. 2d). 
In addition, N K I/b e te b  positive cells were observed in 
the vicinity of the lateral wall of the saccule (Fig. 2c). 
The saccular wall lacks melanocytes in the adult, there­
fore these cells and those present at locations anterior 
and lateral from the basal part of the cochlear duct 
might be assumed to migrate to the developing higher 
cochlear turns.
Staining cells were also scattered in the area  of the 
developing meninges and the in ternal acoustic pore, as 
well as in the epidermis and derm al mesenchyme. At 
this age no obvious difference was observed in the 
distribution of cells which reacted  with the melanocyte 
antibody between pigmented and albino animals, al­
though staining was less m arked in albino cells.
3.4. 18 dpc
A t 18 dpc, both pigm ented and albino animals re­
vealed a similar distribution of cells which stained with 
the N K I/b e teb  antibody. In the  cochlear duct, stained 
cells were present below the developing marginal cells
of the stria vascularis of the hook region and basal and 
second turns (Fig. 3a, b, c), and were first observed in 
the basal part of the modiolus. In the vestibular parti­
tion, N K I/be teb  postive cells were mainly limited to 
the areas of the presumptive dark cells (Fig. 3d, e). The 
collagen IV antibody showed that the basal lamina was 
virtually intact at all sites of the epithelial lining, but 
electron microscopy revealed small discontinuities of 
the basal lamina in the hook region at sites where 
melanoblasts penetrated between the marginal cells. 
The penetrating  melanoblasts contained several 
melanosomes, while the marginal cells were loaded 
with glycogen. At this age, numerous stained cells were 
observed in the meninges, the basal layer of the epider­
mis, the dermis and the developing hair follicles.
3,5, 1 -4  dab
At 1 dab, N K I/b e teb  positive cells were present 
below the stria vascularis along the whole cochlear 
duct (Fig. 4a, c, e, g). In the albino strain (Fig. 4i) they 
contained fewer stained granules than the pigmented 
strain. It could be concluded from the discontinuity of 
the basal lamina that penetration of these cells be­
tween the marginal cells was limited to the basal turn 
(Fig. 4b, d, f, h). Simultaneously, capillaries were found 
to have invaded the stria vascularis (Fig. 4b, f). Pene­
tration of N K I/b e teb  positive cells progressed further 
from base to apex and reached the apex at 4 dab. At 
this age, the number of granules had increased
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Fig. 2. Immunohistochemical staining of various parts of the inner ear of pigmented rat with the antibody N K I/beteb , at 16 dpc. (a): 
Melanoblasts accumulating at utricle (U) and at lateral wall of the common crus (C). (b): Melanoblasts arranged along non-sensory epithelium of 
the utricle (U). (c): Melanoblasts close to non-sensory epithelium of the saccule (S). (d): Melanoblast accumulation around ampulla (A) and close 
to non-sensory epithelium of the basal turn of the cochlea (B). Note linearly arranged melanoblasts in the hook region, (a-d): X 90.
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Fig. 3. Immunohistochemical staining of various parts of the inner ear of pigmented and albino rats with the antibody N K I/b e teb , at 18 dpc 
(a-e) and 30 dab (f-i), (a); Hook region of cochlear duct of pigmented rat showing melanoblasts penetrating between marginal cells, at 18 dpc. 
(b): Second turn of cochlear duct of pigmented rat showing melanoblasts (*) below the area of the developing stria vascularis, at 18 dpc. (c): 
Idem of albino rat, at 18 dpc. (d): Melanoblasts (*) below the area of developing dark cells in ampulla of pigmented rat, at 18 dpc. (e): Idem in 
utricle of pigmented rat, at 18 dpc. (f): Melanocytes below the area of dark cells in ampulla of pigmented rat, at 30 dab. (g): Idem  of albino rat* 
(h): Perivascular melanocytes in modiolus of pigmented rat, at 30 dab. (i): Idem of albino rat, a: X 150; b, c: X200; d, e: X 150; f-i: X400.
markedly. In the stria vascularis of the pigmented 
strain few irregularly distributed melanin pigment 
granules could be distinguished.
In the vestibular portion of both strains, stained 
cells were mainly situated below the basal lamina of 
the areas composed of dark cells. They had a dendritic 
appearance and contained many granules which stained 
with the melanocyte antibody and a varying number of
melanin pigment granules in the  pigm ented animals. In 
the common crus, dendritic  cells were also found below 
the columnar epithelium of the  crista neglecta and the  
adjacent area of cuboidal epithelium . In  the modiolus 
they were mainly limited to the vascular coils. During 
further maturation of the inner ear, no distinct changes 
were observed in the  distribution and features of the 
cells in the vestibular partition and the modiolus (Fig.
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3f-i). The num ber of pigment granules in the epider­
mal and dermal melanocytes of the pigm ented animals 
increased steadily during this period.
3.6. 5 -1 0  dab
Between 5 and 10 dab, the stria vascularis devel­
oped extensive vascularisation, while the cells which 
reacted with the N K I/b e te b  antibody became fully 
integrated into the stria vascularis along the whole 
length of the cochlear duct. Simultaneously, the  num­
ber of stained granules increased further. The granules 
varied in size and were fairly homogeneously dis­
tributed in both pigmented and albino rats, but in the 
albinos they were less num erous (Fig. 5a, b, f, g). The 
stria vascularis of the pigm ented strain  showed in­
creased pigmentation, but the num ber of melanin pig­
ment granules varied widely from site to site and 
between individual animals.
In the interm ediate cells, electron microscopy 
showed well developed Golgi complexes and numerous 
melanosomes (stages 1-4) in the perinuclear area and 
in the developing cell processes (Fig. 6a, b). In the 
albino animals, melanosomes were less numerous and 
only stages 1 and 2 were present (Fig. 6a). The cell
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processes of the intermediate cells interdigitated with 
the basolateral projections of the marginal cells and 
numerous junctions were formed between both cell 
types as well as with the basal cells. The projections of 
the marginal cells showed an increasing number of 
mitochondria, while the amount of glycogen gradually 
decreased. Projections of the intermediate and marginal 
cells were found to be in close contact with the capil­
laries. At approximately 10 dab, the ultrastructure of 
the stria vascularis showed adult features.
3.7. 11-30 dab
During this period the number of N K I/b e teb  posi­
tive granules in the intermediate cells decreased con­
siderably. In the albino animals, very small heteroge­
neously distributed granules were observed at 17 dab 
(Fig. 5h); at 30 dab they could no longer be detected 
immunohistochemically (Fig. 5i). A comparable phe­
nomenon was observed in the pigmented strain, but 
there were some differences. A t 17 dab, the major part 
of the intermediate cells contained a largely reduced 
number of granules, but locally heavily stained areas
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Fig. 4. Immunohistochemical staining of basal and apical turn of cochlear duct of pigmented and albino rats with the antibody N K I/beteb  and 
collagen IV antibody (b, f, d, h), at 1 dab. Basal turn, survey (a) and higher magnification (e), showing melanoblasts penetrating between the 
marginal cells. Note discontinuity of basal lamina (b, f). Apical turn, survey (c) and higher magnification (g), showing melanoblasts still separated 
from the marginal cells by a basal lamina (d, h). i. Melanoblasts penetrating between the marginal cells of the basal turn of albino rat. a-d : 
X 100; e-i: X300.
were observed. They had an irregular shape and varied 
widely in size (Fig. 5c, d). Their distribution differed at 
various sites of the stria vascularis and between indi­
vidual animals.
Removal of the immunoperoxidase reaction product 
with ethanol revealed the presence of numerous 
melanin pigment granules in these areas (Fig. 5e). In 
the lightly stained areas, melanin pigment granules
were only obseived rarely. A t 30 dab a few heteroge­
neously distributed granules could still be detected 
immunohistochemically (Fig. 5j).
From about 10 dab onwards, electron microscopy 
revealed the presence of lysosomes which contained a 
varying num ber of m elanosom es (stages 2 -4) in the 
intermediate cells of the pigm ented strain (Fig. 6c). In 
the albino strain, these organelles were only seen occa-
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Fig. 5. Immunohistochemical staining of the stria vascularis of basal turn in pigmented and albino rats with the antibody N K I/b e teb  during 
postnatal development. Stria vascularis, survey (a) and higher magnification (b), of pigmented rat at 8 dab. Stria vascularis, suivey (c) and higher 
magnification (d), of pigmented rat at 17 dab. Note dark and light staining areas, e. Same section as depicted in d, showing melanin pigment 
granules persisting after removal of the peroxidase reaction product after rinsing in ethanol. Stria vascularis, survey (f) and higher magnification 
(g), of albino rat at 8 dab. h. Detail of stria vascularis of albino rat at 17 dab showing heterogeneously distributed minute stained granula (*). i. 
Detail of adult stria vascularis of albino rat. No stained granula can be detected, j. Detail of adult stria vascularis of pigmented rat, showing 
locally a few staining granula (*). a: X380; b: X1000; c: X380; d, e: X1000, f: X300; g-j: X1000.
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sionally. W ith increasing age, there was a decrease in 
the number of melanosomes in the majority of interme­
diate cells. However, in a proportion of the cells of the
pigmented rats, large melanosome complexes became 
visible (Fig. 6f). These complexes, which occupied 
nearly the whole cytoplasmatic compartment, con-
i ,
■ > >
• ft.
i  S ! i *
V V )
Vit
'•’e  £/ /<■
«.1 V  •
w s : V : i ;V
m
»!
I&i
BBSs
5 * • ^  i V ; :
' : : " £ ’v 'Î^ l '■?■r- : : 'v
;• . i  . . . .  • .y>.' : . y  . .  ù  : \  » . • : •  t  ‘fi  «i •£. ’ i" A  * • •• , , /  , ”  '■ V  ■ ■■• r ' v  •
•i ' •' : r;;/ ’ { : ï ; , - ; < > V v U  v.* -Vvi ^  . , : .•;.> v
A ^ ?V ; '::#';ïV $y
. * • • • :  v ' ' : ■ " ^ j ï : ; y • * /  • ' ■ ¡ V .  ■
«
1 . u  -
' V
, %
i  S A
»Xi
y
'¡>M
W ti
V ^ J
v;  ï \ '  "i'
J V «  " V ,
r ; ? ; i, i  « p«^ . *  i  g
i  . ^ V 1  \:
v \.rv
Si
W f
Wi
ÏAi^ rS:* >• ./'>• •* .  .'\ - . v  tp  i ”
' V - . " . ' ,
*
* . '  «• £ • ,  i * \  
t - : : ^  .
i^ ’MC
v^ fr^  î 
^ '-.v .:V; '
< ’. v - - .. r. «i
'7^7^ .'>$y ' ^ 3' :
J ƒ • *• <• sf<l : ƒ ■ •' i ". %$i 
. <  « s  +■  i  ' : , y<
iZF!*. :
■ V r
_  . .  . • V'' *  ‘
,  ,  , v ^ ^ v 5 . V '  *'  , ' . : ; ' '  V  "  ; T ;  «  V  '• '
 ^ ■ ■ ■ •.*»
r * , i .
> y
J ;
wW^PPïri
.■ f  ... ............................. . . - A . .  V  v ^ « ^ < Î t 3 Î P - P ^ I ^ .  "  '  ‘ . . i i / .  ' - ' î V  « . ' . ' t f .  ^  >  V 5 ‘ O  . S ' 1 ■ . V
1 •
« .  .vy
. ‘; . . y i ,  .  • ..
C... V ' ■ < • 
f c  : A .  ,
' ' > ‘ : ' rv \  .  • ; *  '. Vv
w  :  ^  ' "
vVs y - n i ; >  <
g
,  %:
v »
i
î .  . •
? "  : *
f ' J ’
.  .  % v - j \vVî<t
. v V l | .  '
.•  -.v : v  '<< ::<  \
•> «“  •
V i  Cj* 
'f.tâ*
i  ' • > . .
s  v
T.A. Peters et al, /H earing Research 85 (1995) 169-180 M l
tained various stages (2-4) of intact and disintegrating 
meianosomes (Fig. 6h). These cells were very irregu­
larly distributed and persisted up to 30 dab. At 30 dab 
the majority of intermediate cells in the mature cochlea 
of the pigmented rats contained a few discrete 
meianosomes (stages 3 -4) (Fig. 6e), while in the albi­
nos only rarely meianosomes (stage 2) could be de­
tected (Fig. 6d, g). Aggregates of meianosomes were 
observed incidentally in basal and marginal cells.
4. Discussion
In mice, melanocyte precursors start to migrate from 
the neural crest at about 9 dpc (Mayer, 1965,1973). 
Although no data are available on the behaviour of 
melanocyte precursors during rat development, 
melanocyte migration can be expected to parallel that 
in the mouse, because embryological development is 
very similar in both species.
Early migration of melanocyte precursors could not 
be detected with the melanocyte antibody. The reac­
tion of this antibody depends on the presence of 
meianosomes and these appeared first at 13 dpc. This
4
observation agrees with the findings reported by Steel 
et al. (1992). In the inner ear of pigmented mice, they 
detected the first presence of tyrosinase at a compara­
ble stage of development. The synthesis of this enzyme 
is closely associated with the formation of meianosomes 
(Jimbow et al., 1976).
The present immunohistochemical observations sug­
gest that inner ear melanocytes reach the inner ear 
along different pathways. Melanocytes enterin 
modiolus through the internal meatus appear to belong 
to the melanocyte population residing in the meninges. 
The melanocytes which settled below the various ep- 
ithelia of the inner ear can be assumed to originate 
from a population, which migrates to the epidermis. 
They moved from the dermal mesenchyme towards the 
developing utricle, ampullae, semicircular canals and 
cochlear duct and subsequently became exclusively lo­
calised below the target epithelia, i.e. the areas of dark 
cells in the vestibular partition and the marginal cells 
of the stria vascularis. Steel et al. (1992) reported 
comparable observations in pigmented mice at 16.5 
dpc.
Penetration of m elanoblasts through the basal lam ­
ina of the marginal cells triggered the transform ation 
of the embryonic stria vascularis which consists of 
simple epithelium, into a complex vascularised struc­
ture composed of marginal cells, in term ediate  cells 
(melanocytes) and basal cells. During this m aturation 
process, the basal lamina disappeared completely and 
remarkable changes took place in the activity of the  
melanocytes. The underlying m echanism of basal lam ­
ina breakdown is no t clear. A lthough melanoblasts can 
be assumed to be involved, it is likely that marginal 
cells also contribute to this process, because in the 
W v/ W v mouse m utant, in which melanocytes do no t 
enter the stria vascularis, the basal lam ina also disap­
pears (Steel and Barkway, 1989). A fter penetrating  the  
basal lamina, the m elanoblasts showed an increasing 
rate of melanosome production, which lasted up to 
approximately 10 dab. T hereafter, m elanosom e p ro ­
duction became largely reduced or arrested . Sim ulta­
neously, the num ber of meianosomes decreased rapidly 
by lysosomal digestion. In the adult cochlea, no clear 
signs of melanosome production were observed in the  
interm ediate cells.
The period of high-rate melanosome production co­
incided with the developm ent of the dendritic cell 
processes of the melanocytes and their interdigitation 
with the  basolateral projections of the marginal cells 
and o ther com ponents of the stria  vascularis. 
Melanosome production appeared  to be arrested after 
an intimate structural relationship had been estab­
lished and the  stria vascularis had developed adult 
characteristics, at about 10 dab. A t the  same time the 
stria appeared  to be  functionally m ature. This can be 
concluded from  the developm ental studies on the  ionic 
composition of the endolymph by Bosher and W arren 
(1971). They dem onstrated tha t adult values of the 
peculiar ionic composition of the  endolymph, which is 
assumed to be  regulated by the Na-K-ATPase enzyme 
system in the  marginal cells (Kuijpers and Bonting, 
1969), were reached at about 8 dab.
Studies on  the W V/ \ V V mouse m utant, have shown 
that melanocytes are of crucial importance for the 
morphological and functional developm ent of marginal 
cells (Steel and Barkway, 1989; Schrott et al., 1990). If 
no melanocytes en ter the stria vascularis, the marginal 
cells initially develop their norm al pa tte rn  of basolat-
Fig. 6. Electron micrographs of melanocytes (intermediate ceils) in the stria vascularis of second turn in pigmented and albino rats during 
postnatal development, a. Intermediate cell of albino rat at 5 dab showing meianosomes (m). b. Cell processes of intermediate cells in pigmented 
rat at 7 dab, containing stage 2 -4  meianosomes. c. Intermediate cell of pigmented rat at 12 dab  showing lysosomes containing stage 2 -4  
meianosomes. Survey (d) and detail (g) of intermediate cell in adult stria vascularis of albino rat containing a few type 2 meianosomes Cm), e. 
Area of adult stria vascularis of pigmented rat showing intermediate cells containing a few scattered meianosomes Cm), f. A rea of adult stria 
vascularis of pigmented rat showing intermediate cells containing melanosome complexes. These complexes contain intact and desintegrating 
stage 2 -4  meianosomes (h). a: X3000; b, c: X4000; d: X2000; e, f: X 1500; g: X 15000; h: X8000.
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erai projections, but they start to regress at 6 dab. In 
addition, their function is seriously disturbed, because 
they do not develop the normal intracellular +  EP and 
no endocochlear potential arises, which is assumed to 
be generated by the  Na-K~ATPase in the  marginal cells 
(Kuijpers and Bonting, 1970; O ffner et aL, 1987).
The observed coincidence of high melanosome pro­
duction and the formation of the complex network of 
interdigitating cell processes of melanocytes and 
marginal cells suggests that melanosome-producing 
melanocytes appear to be required for this develop­
mental process. This process is reminiscent of the 
behaviour of epidermal and vestibular melanocytes af­
ter they have been triggered by external stimuli. Epi­
dermal melanocytes triggered by U V  light show in­
creased melanosome production. The melanosomes 
migrate into the dendrites which show increased ar­
borization and make contact with the  keratinocytes 
(Witkop et al., 1989). Meyer zum G ottesberge (1988) 
observed comparable behaviour of the vestibular 
melanocytes in the dark cell areas of the  guinea pig, 
after obstructing the endolymphatic sac or administer­
ing ethacrynic acid. The dendrites of the activated 
melanocytes penetrated  the basal lam ina and inserted 
themselves between the basal infoldings of the dark 
cells. These observations indicate th a t there is a close 
relationship between the production of melanosomes 
and the formation of dendritic processes and their 
interdigitation with the target cells.
Melanocyte behaviour did not differ fundamentally 
between pigmented and albino animals during the es­
tablishment of the complex structural relationship be­
tween melanocytes and marginal cells. This indicates 
that this process is unrelated  to the ability of 
melanocytes to produce melanin. Conlee and Bennett
(1993) and Conlee et al. (1994) suggested that the  small 
size of interm ediate cells in albino mutants of both 
guinea pigs and rats was associated with their inability 
to synthesise melanin. The present study showed that 
there is another feature of the albino mutation in 
addition to the inability to synthesise melanin, namely 
that the interm ediate cells produce a smaller number 
of melanosomes during structural m aturation. Accord­
ing to the above proposed relationship between 
melanosome production and arborization of the den­
drites, the num ber of melanosomes might be the deter­
mining factor for the size of the interm ediate cells 
instead of the inability to synthesise melanin.
After melanosome production had stopped and the 
num ber of melanosomes in the majority of interm edi­
ate cells had decreased, a limited population of heavily 
pigmented cells which contained melanosome com­
plexes, became apparent in the pigm ented strain. The 
presence of heavily pigm ented cells has also been ob­
served in the chinchilla (W right and Lee, 1989), cat 
(Conlee et al., 1989) and mouse (Cable and Steel,
1991), but their distribution varied between the differ­
ent species and there is no unanimity of the character 
of these cells. In the chinchilla and cat they were 
reported to have a close structural association with the 
capillary network (Wright and Lee, 1989; Conlee et al.,
1989), but no specialised association was observed in 
mice (Cable and Steel, 1991) or in the present study on 
the rat. According to Wright and Lee (1989) the heav­
ily pigmented cells represent a separate cell population 
distinct from the intermediate cells, while Conlee et al. 
(1989) and Cable and Steel (1991) questioned whether 
these cells are capable of melanogenesis. The latter 
authors suggested that these cells, which were only 
found in the adult mice and had a similar structure as 
in the rat, were probably a degenerate form of inter­
mediate cells involved in melanosome breakdown (Ca­
ble and Steel, 1991). The involvement of these cells in 
melanosome breakdown agrees with our observations 
in the rat. They did not appear to be degenerating, but 
this may be related to the limited observation period of 
30 days. In addition, there were no indications that 
these cells represent a separate cell population origi­
nating from a source other than the light intermediate 
cells. The melanosome complexes were similar to those 
found in keratinocytes and melanophages, where they 
are regarded as lysosomes (Hori et al., 1968). However, 
these cells receive their melanosomes from melanocytes 
and there are no indications that strial melanocytes can 
receive melanosomes from other cells.
The wide variation in distribution of heavily pig­
mented cells between individual animals and their ab­
sence in albinos makes it unlikely that these cells 
contribute fundamentally to the function of the stria 
vascularis.
The arrest of melanosome production after the stria 
vascularis has attained structural and functional m atu­
rity, demonstrates that the melanosome-producing ca­
pacity of the intermediate cells is not required for the 
normal function of the stria. In addition, functional 
involvement of melanosomes or melanin seems unlikely 
because melanosomes are very scarce in the intermedi­
ate cells of the adult cochlea in pigmented rats and 
only rarely observed in these cells in albinos, in which 
melanin synthesis does not occur.
It is not yet clear how intermediate cells contribute 
to the function of the mature stria vascularis. Salt et al, 
(1987) failed to find any substantial evidence that inter­
mediate cells contribute to the generation of the endo­
cochlear potential and they consequently ascribed them 
a supporting role in marginal cell function. Rarey et al. 
(1982) suggested that cochlear melanocytes could be 
involved in the regulation of ion concentrations, be­
cause melanin can bind norepinephrine (Lundquist, 
1973). They observed the presence of non-neuronal 
norepinephrine in the lateral wall of the cochlear duct. 
However, norepinephrine was also found in small
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quantities in the lateral wall of albino animals. A l­
though it was suggested that tyrosinase could also 
fulfill this role, it does not serve as an explanation 
because tyrosinase is not found in albino melanocytes.
The distribution of melanocytes in the modiolus and 
vestibular partition agreed very well with that reported 
in other species (Wolff, 1931; Kimura, 1969; LaFer- 
riere et al., 1974; Franz et al., 1990) and no difference 
was observed between the distribution of melanocytes 
in pigmented and albino animals. In contrast to the 
strial melanocytes, they showed the same character­
istics as skin melanocytes in both strains. Meyer zum 
Gottesberge (1988) stated that the melanin in the 
vestibular melanocytes represents an important reser­
voir for essential trace elements which may play a key 
role in enzymatically-controlled processes of ionic 
pumps in the dark cells. However, it still remains to be 
proven whether melanin makes an important func­
tional contribution to vestibular function, because al­
bino animals do not show any abnormalities of vestibu­
lar function.
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